INTRODUCTION Horseradish Peroxidase (HRP)
2 is a highly characterized heme enzyme, which has historically served as a paradigm for evaluating the rules of formation of redox active heme-oxygen intermediates, including the ferryl-oxo heme complexes commonly known as "Compound I" and "Compound II." A detailed mechanism for Compound I formation in the reaction of H 2 O 2 with peroxidases was formulated by Poulos and Kraut on the basis of structural analysis of cytochrome c peroxidase active center (1) , and has been successfully applied to other enzymes (2-5):
The essential features of this mechanism also provide a framework for the analysis of new systems, which involve formation of redox-active heme-oxygen intermediates (6) (7) (8) . A crucial point in the formation of the ferryl-oxo species is the second protonation of the distal oxygen atom of the bound hydroperoxo species, followed by the heterolytic scission of O-O bond. The importance of these elementary steps has been confirmed by quantum chemical methods (9) (10) (11) . A vast amount of kinetic data obtained in mutagenesis studies of the distal pocket (5, (12) (13) (14) (15) , provide an additional support for the evaluation of the second protonation of the distal oxygen as the most important, and in some cases, the rate-limiting step in catalysis.
Despite many efforts, experimental characterization of this step, as well as the detailed properties of the hydroperoxo-ferric heme (Fe 3+ P-OOH -) complex in peroxidases, is still far from complete. One reason is due to the low stability of such complexes (16) , as their transient character leads to a lack of accumulation during the reaction course. Several studies of these intermediates in wild-type and mutant HRP (17-19) and microperoxidase (20) (21) (22) by means of stopped-flow methods have produced absorption spectra that could be tentatively assigned to Fe 3+ P-OOH -(hydroperoxo-anion) (5, (12) (13) (14) (15) 19 ).
An alternative way of generating (Fe 3+ P-OOH -) intermediates with high yield is the cryoradiolytic reduction of the corresponding oxy-ferrous complexes using ionizing radiation (25, 26) . This method mimics the oxidase/oxygenase pathway of oxygen activation, which utilizes molecular oxygen instead of H 2 O 2 , and includes the reduction of the bound oxygen and delivery of two external protons to form Compound I (6, 27) . As a result of the one-electron reduction of oxyferrous precursors at 77 K, peroxo/hydroperoxo-ferric heme enzyme complexes can be stabilized at low temperatures (26, (28) (29) (30) The radiolytic reduction of the enzyme and reference samples was achieved by exposing to gammaradiation from a 60 Co source (dose rate 11 kGy/hour, for 4 or 8 hours) (Notre Dame Radiation Lab, Notre Dame University, South Bend, IN). The samples were fully immersed in liquid nitrogen during irradiation. Background absorption due to the radiolysis products was subtracted as described (33) using irradiated buffer/glycerol reference samples. These samples were irradiated at 77 K together with the protein samples, and 40 absorption spectra were taken at different temperatures from 80 K -240 K. The background spectra for any arbitrary temperature in this range were then calculated using linear interpolation.
RESULTS AND DISCUSSION
The spectra of oxy-HRP before and after irradiation at 77 K are shown in Figure 1 (45), and is always observed after thawing of irradiated frozen solutions of the heme enzymes (33, 34, (46) (47) (48) . In a control experiment, the dissolution of nonirradiated metMb into a glycerol/buffer reference sample, which was irradiated at 77 K and thawed, resulted in formation of fully reduced Mb-CO. Results shown in Fig. 3 suggest that the annealing of (Fe 3+ P-OOH -) complex in HRP ( and 556 nm), the spectra of these two species are not identical. The Q α band at 556 nm has substantially higher amplitude than the Q β band at 526 nm in the spectrum of (Fe  3+ P-OOH   -) complex, while in the spectrum of Compound II these two bands are almost of the same intensity. 12 Thus, the appearance of Compound II spectra in the optical annealing studies of (Fe 3+ Comparison with similar studies on other heme proteins (25, 26, (28) (29) (30) 35, 42) shows that the ability to deliver a proton to the peroxo-ferric heme complex correlates with the function of the protein, as this protonation is most effective in P450s and least effective in Mb, which does not carry out dioxygen bond scission during its normal function. The arrow shows the direction of spectral changes with increasing temperatures.
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